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CHAPTER I 
INTRODUCTl.ON 
The question of whether or not man can perform two simple verbal 
tasks at the same time without loss of efficiency on either task is one 
that has received considerable theoretical and experimental attention 
in recent years. !here are two highly distinctive views. Some psy-
chologists (Broadbent, 1957) assume a single channel model of informa-
tion processing. With a single channel model no simultaneous process-
ing of two tasks is possible. A~y appearance of simultaneity at the 
overt response level is due to a rapid underlying (central) switching 
between tasks. Other psychologists (Moray, 1967) support a flexible 
function model of information processing in which the human's process-
ing capacity is available for a variety of uses, perceptual or concep-
tual. When the processing capacity is used for one function, there is 
less available for other functions. In this latter theory simultane-
ous processing of two independent tasks is theoretically possible and 
may improve witp. practice provided that both tasks do not exceed total 
processing capacity. 
The purpose of the present study is to determine whether simulta-
neous processing occurs for two verbal tasks; shadowing and metered 
memory search. Also three different shadowing tasks were used involv-
ing different cognitive mechanisms. Differences in processing time and 
degree of simultaneous processing should tell us so~ething about the 
1 
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nature of the verbal memory trace (Wickelgren, 1969). In the first ex-
periment the sh~dowing task was performed alone to obtain some base 
line reaction time data for the shadowing task; in the seconq experi-
ment the shadowing task was cqmbined with the metered memory search 
task for a more comprehensive investigation of the data. 
Review of the Literature 
Shadowing 
In the shadowing task introduced by Cherry (1953), the subject was 
presented with two different messages; his task was to shadow (repeat 
as accurately and as rapidly as possible) one and only one of the two 
messages. Separating the messages in the shadowing experiment is simi-
lar to the "cocktail party phenomenon" in which one tries to follow the 
speech of one person at a party amidst numerous loud voices and much 
noise. Cherry (1953) found that if the two messages were mixed to-
getper or binaural (two different spoken messages presented to the sub-
ject simultaneously using both ears) the subject had a great deal of 
difficulty shadowing one of the messages and was able to do so only 
after frequent playbacks of .the recorded messages. If the mi;xed mes-
sages were strings of cliches connected by conjbnctions, the subje~t 
could recognize whole cliches but was unable to shadow one complete 
message. This finding suggests that the transitional probabilities of 
the words themselves made shadowing of the cliches possible. If in~ 
stead of binaural stimulation, one used a dichotic presentation (one 
messa&e to the right ear and an~ther message to the left ear); the 
shadowing task became much easier, and the subject was able to repeat 
the primary (shadowed) message without playbacks. Thus the subject was 
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able to attend to one ear at a time. 
Furtherm,ore, according to Cherry (1954), the subject could ac-
tually switch his attention from ear to ear shadowing the primary mes-
sage. The shadowing performance was not disrupted if the alternation 
between ears was very rapid (1/20 of a second) or very slow (1 per 
second). At intermediate rates, however, the shadowing performance was 
greatly disrupted, with the correct responses falling to zero at the 
switching rate of 1/6 to 1/7 of a second. Cherry (1954) reports that 
the attention switching time is 1/6 of a second. This interpretation 
has been questioned however (Neisser, 1967). 
Interestingly enough the secondary message arriving at the unat-
tended ear was hardly noticed by the subject (Cherry, 1953). Specific-
ally, the language of the secondary message was unrecognized (Cherry~ 
1953). Even simple words repeated as many as thirty-five times in the 
secondary message could not be recalled later by the subject (Moray, 
1959). If Moray gave the subject special instructions to remember num-
bers occurring in the secondary message, the subject was still unable 
to recall these numbers. Nevertheless, the subject was able to recall 
some characteristics of the secondary message (Cherry, 1953); for ex-
ample, the subject reported that the message was nornial human speech 
and that reversed human speech sounded queer. A change from a male to 
a female voice on the secondary message and also a change from human 
speech to a 400 c.p.s. tone was noted by the subject. If the two mes-
sages were identical, the subject noted that they were the same message 
only when the delay between the two messages was shortened to 2-6 sec-
onds. 
In addition to the above physical characteristics, Moray (1959) 
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also reported that the subject recalls his own name when it is embedded 
in the secondary message. These results concerning the recognition of 
one's own name are similar to those of Howarth and Ellis (1961) con-
cerning the lowered threshold during normal listening, and those of Os-
wald, Taylor and Treisman (1960) concerning recognition during sleep. 
The similarity of the three findings suggest that perhaps the same pat-
tern analyzing mechanism is involved in all three sit~ations (Howarth 
and Ellis, 1961). 
Single Channel Mechanism 
The shadowing e»periments with the differences in binaural and 
dichotic presentations have led to numerous other studies investigating 
the pertinent factors involved and theories relating these factors to 
information processing. Broadbent (1954) reported that the dichotic 
effect could be simulated by means of loudspeaker placement and volume 
control; thus, the messages do not have to be presented to each ear 
alone as Cherry (1953) proposed. The fact that perceptual localization 
is an important variable in the intelligibility of the messages has 
also been substantiated by Hirsh (1950). Another factor that aids in-
telligibility is the tone quality; Spieth, Curtis and Webster (1954) 
reported that using an aural shaping filter which resulted in one of 
the messages having a different tone quality greatly aided intelligi~ 
bility. In addition Poulton (1953) reported that density of communica-
tion and similarity of the primary and secondary messages are pertinent 
variables in the dichotic listening situation. 
When the task becomes more complicated and the subject is re-
quired to listen and speak simultaneously, performance deteriorates in 
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direct proportion to the amount of overlap of the two responses (Web-
ster and Thompson, 1954; Broadbent, 1952). Furthermore, Mowbray (1964) 
reports that shadowing is almost totally disrupted precisely when a to-
be-remembered single word occurs in the secondary message. Similar re-
sults are reported by Peterson and Kroener (1964) in which immediate 
recall of secondary target words while shadowing a primary message falls 
short of 100% correct. If the subject perceived the target word, he 
should be able to recall said word when the response is immediate be~ 
cause no memory decay has occurred. Thus the failure on this task must 
be in large part perceptual in nature. 
The above results are consistent with a single channel mechanism 
similar to the filter theory proposed by Broadbent (1957) in which one 
particular message is allowed to pass through the filter on the basis 
of some predetermined characteristic while the other message is pas~ 
sively filtered out before it reaches the analysis level. Some further 
support for Broadbent's filter theory is provided by Treisman and Gef-
fen (1967) in which they conclude that the main limit in simultaneous 
processing is perceptual. However, Treisman (1960) does take issue 
with the passive aspect of Broadbent's theory due to the amount of 
interference the secondary message affords. For example, the efficien-
cy with which the shadowing task is performed is decreased if two ir-
relevant channels must be ignored rather than a single channel (Treis-
man, 1964a). Furthermore, context (Triesman, 1960), language differ-
ences and phonetic cues (Treisman, 1964b), and information load (Tries-
man, 1965) also greatly affect the shadowing performance. Thus, Tries-
man felt that Broadbent's filter merely attenuates the stimulus rather 
than blocking it entirely. Broadbent accepted Treisman's mo9ification 
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of his filter theory as a more accurate interpretation ot the empirical 
data (Broadbent and Gregory, 1963). 
Limited Capacity Processor 
On the other hand we have findings which contradict Broadbent's 
notion of a fixed channel capacity. If we have a single channel with a 
finite capacity, then information can be filtered through this channel 
only at some maximum finite rate or at some slower rate. Thus, rate of 
presentation should affect information processing; however, Moray 
(1960) found contradictory results. Moray and Jordan (1966) also found 
that practice (repeating the task numerous times) and compatibility of 
stimulus and response increased performance which is likewise embarrass-
ing for Broadbent's theory. Gray and Wedderburn (1960) found that 
words divided into syllables and presented at alternate ears were still 
recalled as words--thus requiring analysis at a meaningful level rather 
than a low level of blocking or attenuation. They likewise found the 
same results using sentences in which the words were alternately pre-
sented to each ear. Thus, the single channel idea is inadequate. Sim-
ultaneous processing was reported by Lawson (1966) when she found that 
the subject while shadowing could press a key to "pips" on a tape re-
corder without any interruption. This led her to assume separate path-
ways for physical stimuli and verbal stimuli. 
In light of the above studies Moray (1967) proposed a model in 
which the human serves as a limited capacity processor. In this theory 
the total brain capacity. is divided into different systems concerned 
with perception, encoding, storing, retrieving and responding. Atten-
tional trade offs among systems provides for more information 
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processing. As such it is not the amount of information, in. the Shan-
non sense, carried by the stimulus but rather the discrimination diffi-
culty of said stimulus that causes the shadowing performance to de-
teriorate (Mostofsky, 1970). Lindsay, Taylor and Forbes (1968) iound 
compatible results by manipulating the number of dimensions requiring 
attention. Subsequent work by Lindsay and Norman (1969) and Norman 
( unpublished) point to a limitation of storing and retrieving informa-
tion as task difficulty increases rather than a perceptual limit pro-
posed by Broadbent and Treisman. Likewise, Deutsch and Deutsch (1963, 
1957) say that the filter mechanism is inadequate and that the subject 
responds to the most important signal coming in at the time with a re-
sponse limit rather than a perceptual limit. 
Measuring Conceptual Space 
So rather than being a problem of having a single channel by which 
to receive some stimuli while the others are filtered out, the problem 
seems to be one of a limited amount of conceptual space or attention, 
Brown and Poulton (1961) approached the concept of mental capacity and 
its measurement by means of car driving in busy (business) and slow 
(residential) areas while performing cognitive tasks involving memory. 
The problem of level of attention was approached by Peterson (1970) 
from the standpoint of task difficulty. He proposed a hierarchical 
classification of tasks requiring increasing attention. These task 
categories included emission (chanting a well known sequence like 1,. 2, 
3, 4, 5, 1,, •• ), reproduction (repeating something exactly as it ap-
pears like shadowing), and transformation (using the stimulus to arrive 
at a different response--like mathematical problem solving). The 
difficulty with this classification is that in going from one level to 
another there is likely to be confounding of conditions due to differ-
ent cognitive processes. What is needed is a way of holding stimulus-
response factors constant while varying cognitive processing load. 
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Thus, Weber, Cross and Carlton (1968) introduced transformations in 
terms of a circular sequence to be searched. The number and nature of 
the stimulus items and the response items were constant regardless of 
the size of the transformation to be made. For example, if the circular 
sequence consisted of the first five letters of the alphabet, the sub-
ject would search through a, b, c, d, e, a, b, c, ••• in an endless 
fashion. In a given block of five stimulus items each letter appeared 
once and only once; the correct response to each stimulus item would 
likewise result in each letter appearing once and only once. For ex-
ample, in the one-unit transformation in the metered memory search 
task, the stimulus item "a'' would require the response "b" because "b" 
is the item one step away from "a" in t}ie specified direction. Simi-
larly a one-unit transformation would produce the following stimulus-
response pairs: "b" ••• "c", "c" ••• "d", "d" ••• "e", "e" ••• "a". 
If instead of the transformation task required in the one-unit trans-
formation, a simple reproduction task were needed a zero-unit transfor-
mation involving the same stimulus-response items could be employed. In 
the zero-unit transformation the following stimulus-response pairs 
would be appropriate: "a" ••• "a", "b" ••• "b", "c" ••• "c", 
"d" ••• "d", "e" ••• "e". Weber, Cross and Carlton found that size of 
transformation, transformation direction, materials transformed, and 
the nature of the circular sequence (Weber and Castleman, 1969) were 
all significant variables. Because the subject had to perform 
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transformations of different sizes, it is likely that a metered search 
of memory was required (Weber, Cross and Carlton, 1968). When this 
same metered memory search task was investigated with an emissive and 
transformational subsidiary task, Weber and King (1970) found that the 
emissive and transformation differences persist while performing the 
subsidiary task. Similarly the reproduction and transformation differ-
ences have been substantiated in concurrent processing by Blagowsky 
(1969) and Linden (1969). 
Imagery 
Recently the question of information processing has been viewed in 
terms of the maximum rates of speech and visual imagery for serial pro-
cessing of letters. In the speech conditions the subject is required 
to repeat the alphabet aloud or silently; in the visual conditions, the 
subject must imagine the letters appearing si~gly on a screen with the 
eyes open or closed. Weber and Bach (1969) replicated Landauer's 
(1962) implicit and explicit speech conditions and compared the results 
with a visual imagery condition. They found that the implicit and ex-
plicit speech conditions were identical in processing rates (about 6.5 
letters/second), and therefore, seem to involve the same central pro-
cesses. The visual imagery rates, on the other hand, were found to be 
much slower (about 2.5 letters/second). The differences in speech and 
visual imagery processing time suggested different modalities for the 
two imageries (Weber and Castleman, 1970). 
In related studies involving concurrent activities of a spatial 
and verbal nature, Brooks (1968a, 1968b).concluded also that spatial 
and verbal information are indeed handled in separate systems. 
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Statement of the Problem 
The metered memory search task performed concurrently with differ-
ent subsidiary tasks should tell us something about the mechanisms in-
volved in the metered memory search task or memory in general. In the 
present study the metered memory search task is performed in conjunc-
tion with three different kinds of shadowing tasks. The first shadow-
ing task is a reproductive task in which the subject merely repeats as 
rapidly as possible the letters appearing on a tape recording. The 
second shadowing task is a transformation task in which the subject 
dichotomously categorizes the letters according to their acoustic prop-
erties. The third shadowing task is also a transformation task but 
this time the subject dichotomously categorizes the letters in terms of 
their visually imagined properties. It is also the purpose of this 
study to determine the extent to which simultaneous processing in 
metered memory search and shadowing occurs when the shadowing tasks re-
quire that different letter properties be shadowed. 
Before combining the shadowing tasks with the metered memory 
search task, Experiment I was performed to determine that the differ-
ent shadowing tasks would result in different reaction times and also 
to obtain some base line scores for these reaction times. Then in Ex-
periment II the shadowing tasks and the metered memory search task was 
studied in a more comprehensive fashion with the major purposes out-
lined above. 
Hypotheses 
There were eight hypotheses postulated: (the first one applying 
to Experiments I and II; the remainder applying to Experiment II only.) 
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1. For shadowing, the reaction time to shadowing for visual properties 
of letters will be greater than the reaction time for shadowing for 
the acoustic properties of letters which will in turn be greater 
than the reaction time to shadowing for letter names. The shadow-
ing for letter names group is a reproductive task and should re-
quire very little processing. The shadowing for the acoustic prop-
erties of letters group, on the other hand, is a transformation 
task involving a "yes"or "no" verbal response to an acoustically 
presented letter according to an acoustic rule. But letter identi-
fication is not necessary in this group since the subject simply 
responds to the sound of the letter. Shadowing for the visual 
properties of letters group also requires a transformational task 
with the same verbal response as the acoustic group. ln this group 
the subject presumably must first identify the letter, and then 
imagine what it would look like in lower case print, and only then 
can the subject respond. 
2. There will be an effect due to transformation size with a one-unit 
transformation requiring more time than a zero-unit transformation. 
Since the one-unit transformation requires a search through memory 
and a transformation of the stimulus item, it will involve more 
processing time than the zero-unit transformation which is a simple 
reproductive task. 
). The concurrent performance of the metered memory search and shadow-
ing will show greater reaction time for each of these tasks when 
compared with the reaction time for the two tasks done alone. Con-
current activities will result in loss of ef{iciency on both tasks 
due to the additional cognitive load. 
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4. The increase in reaction time from the zero-unit transformation to 
the one-unit transformation will be greatest for the shadowing for 
visual properties of letters group, less for the shadowing for 
acoustic properties of letters group and smallest for the shadowing 
for letter names group. This shadowing group by size of transfor-
mation interaction is hypothesized due to differences in task dif-
ficulties of the shadowing groups wh~ch will result in more cogni-
tive load in the one-unit transformations for the more difficult 
rule-defined shadowing groups than for the reproductive shadowing 
group. 
5. The increase in reaction time from the zero-unit transformation to 
the one-unit transformation will be gre~ter for the concurrent per-
formance than for the performance alone. Since the transformation 
tasks of metered memory search involve both reproduction and trans-
formation, there will be more over-loading during the concurrent 
activities with the transformation task than with the reproductive 
task. 
6. The increase in reaction time from the alone to the concurrent fac-
tor will be greatest for the shadowing for visual properties of 
letters group, less for the shadowing for acoustic properties of 
letters group and smallest for the shadowing for letter names group. 
This interaction is likewise hypothesized because of differences in 
task difficulties of the shadowing groups which will result in more 
cognitive loading in the concurrent condition than in the alone 
condition. 
7. Some simultaneous processing will occur. This hypothesis is con-
sistent with the limited capacity processor theory in which the 
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capacity is not yet at its upper limit. 
8. Concurrent processing will improve with practice. This hypothesis 
is derived from the flexible function theory in which decreases in 
processing time as a result of practice are que to functional trade-
offs within the information processing systems themselves (Moray 
and Jordan, 1966). 
Results 
The above hypotheses were analyzed by the analysis of variance ap-
propriate to a repeated measures design with a factorial arrangement of 
treatments. Simultaneous processing was found to occur with all these 
shadowing groups. The different shadowing tasks did indeed differen-
tiaiLy affect performance on the metered memory search tables. Size of 
transformation, shadowing groups, and concurrent factors were also 
found to be significant. 
CH.APTER I l 
EXPJ!;RIMENT I 
In the present experiment the shadowing task was performed alone 
in order to obtain some base line reaction times for the ~hadowing 
tasks. 
Method 
Condit tons 
In the shadowing for the acoustic property condition (S ), the 
a 
subject said "yes" ai:i rapidly as possible, if the name of the letter 
had an "e" sound (g, p, v, z) and "no'' if the name of the letter did 
not have ai;1 "e" sound (m, o, q, y). In the &hadowing for the visual 
property condition (S ), the subject said "ye!:i" if t1'e letter was long, 
v 
that is, any part of the letter extending below the line of writing in 
lower case typed print (g, p, q, y) qn<;l "no" if the letter was not long 
(m, o, v, z). In the shadowing for letter names c.ondition (S ) , the 
n 
subject simply repeated as rapidly as possible the name of the letter 
previously presented auditorily. 
Experimental Design 
The experimental design was a repeated measures design with three 
within subjects condition~. The order of presentation of the three 
shadowing tasks (S , S , S) was counterbalanced over subjects to 
a v n 
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eliminate order effects. That" is, t:here were six possible presentation 
orders: S , S , S ; S , S , S ; S , S , S ; S , S , S ; S, S , S ; 
a v n a n v v n a v a n n v a 
S , S , S • Two subjects were randomly assigned to each of the six 
n a v 
possible orderings. 
Subjects 
Oklahoma State University undergraduates served as subjects. The 
twelve subjects were volunteers from a psychology class. 
Procedure 
The eight letters (g, m, o, p, q, v, y, z) to be shadowed were 
spoken in a normal voice by the experimenter. The letters were random-
ly presented. The experimenter spoke the letters into a start micro-
phone of a voice relay with an attached clock--t:hus starting the clock 
with the spoken letter. The clock was subsequently stopped by the sub-
ject's verbal response by means of a throat microphone attached to the 
stop portion of the voice relay. The time between the spoken letter 
and the subject's response constituted the reaction time for the 
shadowing tasks. 
The subject received instructions on the first shadowing condition 
he wa.s to perform. He was then given 58 trials of that condition, with 
a 15 second rest between each trial while the experimenter recorded the 
time on a data sheet and reset the clock for the next trial. After all 
58 trials had been completed on the first shadowing condition, the sub-
ject was given instructions explaining the second shadowing condition. 
He was likewise given 58 trials on the second condition and similarly 
for the third condition. 
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Res\Jlts 
Descriptive statistics for reaction time as a function of shadow-
ing task are presented in Table I. Mean RTs were determined py averag-
ing over number of trials (58) and number of subjects (12). The median 
RTs were determined by obtaining the median from the subject by trial 
matrix for each of the three conditions. An analysis of variance con-
firmed the differences in shadowing tasks, F = 55, which is significant 
(p < .005). With reduced deg1;ees of freedom appropriate to the conser-
vative test of the repeated measures design, the differences among 
shadowing conditions are still significant (p< ~025). The Newman-
Keuls' Test was used to determine which conditions were significantly 
different from each other. The results indicate that the visual and 
acouptic conditions are both significantly different from the name con-
dition at the .01 level. However, the visual and acoustic conditions 
are not significantly different. 
Figure 1 indicates that shadowing task proved to be a significant 
variable. RTs for the three shadowing conditions are shown as a func-
tion of blocks. 
TABJ.,E I 
RT (SECS) DESGRIPTIVE STATISTICS AVERAGED OVER TRIALS ANP 
SUBJECTS 
Shadowing Condition 
a Mean 
S. E. M. 
Median 
Visual Acoustic 
.761 • 726 
.138 .197 
• 740 .680 
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Name 
.483 
.107 
.460 
~eans determined by averaging over number of subjects (12) and 
number of trials (58). 
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CHAPTER III 
EXPERIMENT Il 
In the present study the metered memory search task is performed 
in conjunction with three different kinds of shadowing tasks (Experi~ 
ment I). The purpose of this study is to determine the extend to which 
simultaneous processing in metered memory search (searching the five 
number circular sequence) and shadowing occurs when the shadowing tasks 
require that different letter properties be shadowed, 
Method 
Exeer;i.mental Design 
The experimental design was a repeated meai,;ures design. The con., 
ditions were randomized according to a randomized block scheme with a 
factorial arrangement of treatments. Two kinds of data were collected: 
the total number of transformations made in nine seconds on the metered 
memory search task and the reaction time to the shadowed item presented 
on the tape recorder. Thus, the two designs are overlapping since two 
different kinds of data are obtained on the concurrent conditions. 
ln the metered memory search (MMS) data, there was a 3 X 2 X 2 
factorial arrangement of treatments. The first factor was a between-
subjects variable and had three levels: shadowing for the letter name 
(S ), shadowing for the ayoustic property of the letter (S )~ or 
n a 
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shadowing for the visual property of the letter (S ). The two within-
v 
subjects variables, each at two levels, include size of transformation 
(zero~unit transformation (T0 ) and one-unit transformation (T 1)) and 
MMS alone (T.) or MMS concurrent with the shadowing task (T. + S.), 
l. l. J 
The major dependent variable was the number of transformations made in 
a 9 second period. To allow for comparison with past work, this infor-
rnation was converted to a time per transformation score. 
To conceptualize the shadowing design, we may consider it as corn-
ing from a 3 X. 3 design with 3 levels of shadowing (S, S, S) as a 
n a v 
between-Ss variable and 3 within-Ss levels of cognitive processing 
(shadowing alone (S.), shadowing with a zero-unit transformation 
J 
(T0 + Sj), and shadowing with a one-unit transformation (T 1 + Sj)). The 
major dependent variable was reaction time (RT) in shadowing; that is, 
the time from stimulus letter presentation to the onset of the shadow-
ing response is RT. 
It should be noted that the MMS and Shadowing tasks involve par-
tially overlapping designs in which the same conditions sometimes oc-
cur, but in which different dependent variables are assessed. 
Subjects 
Oklahoma State University undergraduates served as subjects. The 
twenty-four subjects--eight for each between-subjects variable--were 
paid $1.00 for each hour of participation. All of the subjects were 
right-handed because left-handed subjects tend to cover the subsequent 
stimulus items as they write the response to the preceding item (Blag-
owsky, 1969). The subjects were randomly assigned to the three shadow-
ing groups. 
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Conditions 
All subjects searched the same five-digit circular sequence made 
up of the digits 4 through 8 as shown in Figure 2. The digits were 
chosen to minimize the acoustic interference (similarity) with the let-
ters presented on the tape recorder. Thus the number sequence includes 
the digits 4 through 8 to eliminate the digit 11 311 which rhymes with the 
letter 11 g11 appearing in the shadowed message. The 4-8 sequence is 
therefore highly comparable to the digit sequence used in Weber, Cross 
and Carlton (1968). 
4~ 
5 
) 
6 
Figure 2. Circular Sequence 
In the T0 condition if 
11 411 is the stimulus item, then 11 411 is the 
correct response because it represents a zero step in the circular se-
quence. Similarly, the other stimulus-response pairs would be "511 --11 5", 
11 611 --11 611 , 11 7"--"7", and 11811 -- 118". In short, the T0 condition is a sim-
ple "reproductive task" to use the terminology of Peterson (1969). 
In the T1 condition if 
11 4'' is the stimulus item, then 11 5" is the 
correct response because it is one step from 11 411 in the circular se-
quence. The. other. stimuli.1s::-~esponse pairs in the Ti conditior:i, would be 
"5."--11 611 , 11 611 --11 711 , 11 711 -- 11 811 , and "811 -- 11 411 • The T1 condition requires 
the "transformation" level of attention according to Peterson (1969). 
In all }!MS tasks the responses were written on specially prepared 
response sheets in a blank next to the stimulus digits which appeared 
in a randomized column of 30 typed double-spaced digits. The 
shadowing task required a verbal response of "yes" or "no" for the S 
a 
and S groups. For S the response was simply to name or repeat the 
v n 
same letter presented on the tape recorder, The 8 shadowed letters 
(g, m, o, p, q, v, y, z) were chosen so that four letters would be 
"yes",and four letters would be "no" for poth the S and S groups. 
a v 
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In the shadowing for the acoustic property group (S ), the subject 
a 
said "yes'' if the letter had an "e" sound (g, p, v, z) and "no" if the 
letter did not have an "e'' sound (m, o, q, y). In the shadowing for 
the visQal property (S ), the subject said "yes" if the letter was long, 
v 
that is, any part of the letter extending below the line 0£ writing in 
lower case typed print (g, p, q, y) and "no" if the letter was not long 
(m, o, v, z). In the shadowing for letter names group (S ), the sub-
n 
ject simply repeated as rapidly as possible the letter p1;eviously 
presented auditorily. 
Task Alone pr Concurrent (T. Alone or S. Alone; T. + S. Concurrent) ], J 1 J 
refers to wheth~r the shadowing task or the transformation task dis-
cussed above was performed without the other task (alone) or whether 
the subjects were required to shadow while doing the ~S task (concur-
rent). 
The conditions and their appropriate responses are illustrated in 
Table II. In the T0 condition only the first and third columns of the 
top half of the table are necessary. ln the T0 + Sn condition the first 
four columns of the top half of the table would be appropriate: the 
subject would write the responses in the third column while saying the 
responses in the fourth. Similarly, the fifth column refers to the 
shadowing for the acoustic properties of letters (Sa) group and the 
sixth column gives the appropriate responses for the shadowing for the 
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!ABLE II 
APPROPRIATE ~SPONSES FOR THE VARIOUS CONDITIONS 
Stimulus Correc;.t Response 
MMS (T) Shadowed letter MMS Shadowing (Speak) 0 
on tape (Write) (S ) (S ) (S ) 
n a v 
6 g 6 g yes yes 
5 p 5 p yes yes 
7 0 7 0 no no 
4 v 4 v yes no 
8 y 8 y no yes 
7 z 7 z yes no 
6 m 6 m no no 
5 q 5 q no yes 
MMS (T 1) 
6 g 7 g yes yes 
5 p 6 p yes yes 
7 0 8 0 no no 
4 v 5 v yes no 
8 y 4 y no yes 
7 z 8 z yes no 
6 m 7 m no no 
5 q 6 q no yes 
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visual properties of letters (S ). The bottom half of the table refers 
v 
to analogous conditions with a one-unit transformation in MMS. 
Materials 
The eight letters (g, m, o, p, q, v, y, z) to be shadowed were re-
corded on magnetic tape at the rate of one letter every two seconds. 
The letters were presented in randomized blocks of eight with no letter 
occurring twice in succession. All letters occurred an equal number of 
times. 
The response sheet for the written response of the MMS task con-
sisted of a 4-lz; by 11 inch sheet of white paper with a colµmn of 30 
double-spaced typed digits (4, 5, 6, 7, 8) in internally randomized 
blocks of five, with no digit occurring twice in succession. To the 
right of each of the 30 digits was a line on which the subject was in-
structed to write the appropriate digit in his normal handwriting. 
Five of these response sheets with a cover sheet formed a blocklet to 
make data collection easier. There were four different randomizations 
used to determine the response sheets, and the order of the response 
sheets was also randomized within each booklet with subsequent pages 
being different. 
Cue cards (4 x 6 inch white cards) containing the name of the con-
dition (O, 1, SHADOW, 0 SHADOW, 1 SHADOW) and the circular sequence 
(4, 5, 6, 7, 8) in large block letters were used. The cue cards were 
placed by the experimenter on the table two feet in front of the sub-
ject. The appro~riate condition card remained in view on the table 
during each trial; the circular sequence card remained in view only on 
instruction day (the first day) during the trials. 
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Two tape recorders were used. One monophonic recorder contained 
the letters to be shadowed while the stereophontc recorder was used to 
record the letters presented on the monophonic recorder on one channel 
while simultaneously recording the verbal responses of the subje~t on 
the other channel. The monophonic recorder was also hooked up to a 
speaker and to the triggering mechanism of an oscilloscope. Thus, the 
beam was triggered across the scope by the successive recorded letters 
to be shadowed. 
Two microphones on an adjustable microphone stand were placed with-
in six inches of the subject's mouth to record ve~bal responses. One 
of the microphones was plugged into the stereophonic recorder to record 
the subject's responses on one channel. The other microphone was plug-
ged into the oscilloscope to record amplitude shifts in the beam when 
the subject responded. 
Since the beam moved across the scope at a constant rate after 
being triggered by the to-be-shadowed letter, the point at which the 
amplitude shift occurred (due to the verbal response) represented the 
reaction time (RT) to the shadowed item. Furthermore, since the let-
ters and responses were recorded on separate channels of the stereo-
phonic recorder, the tape could be played back through the oscilloscope 
to check the reliability of the RT estimate, 
A Hunter interval timer in circuit with a battery operated buzzer 
was used to determine the nine second interval, The timer was not used 
on the shadowing alone conditions. For the concurrent conditions the 
timer and monophonic recorder were started simultaneously. rhe recorder 
was turned off after four items had been presented to prevent the tape 
from being stopped in the middle of a letter, rhe timer was turned off 
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a second or two after the buzzer had sounded to prevent foreshortening 
of the subsequent interval. 
Procedure 
On the first day the subject was randomly assigned to the shadow-
ing group by order of arrival. The subject was told that the object of 
this experiment was to see how quickly he could process certain kinds 
of information. The subject was shown the card containing the circular 
sequence and his attention was called to the fact that the sequence 
was circular in the sense that every given digit was followed by an-
other digit in the sequence. Then the one-unit transformation with the 
cue card was explained~ The subject was instructed to go as fast as he 
could without making more than 2 or 3 errors. He was also instructed 
to write the digits in pis normal handwriting and to stop immediately 
when he heard the buzzer. The subject was then given a practice trial 
lasting 9 seconds with the data obtained consisting of the number of 
transformations made in the 9 second interval. Similar instructions 
were then given concerning the zero-unit transformation with a practice 
trial following. 
Next the shadowing card was shown and only the instructions per-
taining to the subject's own group were given. The experimenter 
shadowed four items according to the appropriate rule and then the sub-
ject likewise shadowed four letters. 
The subject was then told that there would also be some concurrent 
combinations of the transformation and the shadowing tasks. The in-
structions placed primary emphasis on the shadowing task requiring that 
the subject shadow each letter regardless of the number of 
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transformations obtained. Then the card representing the concurrent 
condition zero-unit transformation with shadowing, was shown and the 
experimenter demonstrated a trial followed by the subject's trial. 
Since the shadowed items were spaced in two-second intervals, the final 
letter in a trial could conceivably occur as late as 8 seconds after 
the beginning of the trial. In the event that the last shadowed item 
occurred late in the interval and the subject had not had time to 
shadow the letter before the buzzer sounded, he was instructed to go 
ahead and shadow the letter after the buzzer had sounded but to stop 
writing inunediately when he heard the buzzer. The subject was then 
shown the one-unit transformation while shadowing and given a demon-
stration by the experimenter. The subject then received one practice 
trial of said condition. For complete instructions see Appendix A. 
After the instructions the subject was given three blocks of prac-
tice trials thus completing the first day's session. A block consisted 
of one trial for each of the five conditions. 
On each of the next three days the subject was given minimal in-
structions with the cue cards to refresh his memory; he was also re-
minded not to make more than 2 or 3 errors. Then he was given ten 
blocks of trials. Between conditions within a block, there was a 15 
second pause while the experimenter recorded the shadowing time on a 
prepared sheet and changed the cue cards. Between blocks there was an 
additional 30 second pause while the experimenter handed the subject a 
new booklet on which the subject subsequently recorded his name, group, 
and block. Following the fifth block the subject was given a 2 minute 
rest period. Each subject was given a total of 34 blocks over a four 
day period. Each daily period lasted approximately one hour, 
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Results 
Since the present study is concerned with two separate measures, 
the metered memory search data and the shadowing times will be con-
sidered separately for the sake of clarity. Then the results will be 
used jointly to determ.ine whether or not simultaneous processing has 
occurred. 
Metered Memory Search 
In order to make the current study more comparable to previous 
work with metered memory search (Weber, Cross and Carlton, 1968), the 
major ¢ependent variable--the total number of transformations performed 
in nine seconds was converted to time per transformation by means of 
the reciprocal relationship. The resultant time per transformation 
data is presented in Table IIJ. When the metered memory search task is 
performed alone, the T0 and the T1 conditions are the same for all 
shadowing groups. Only when the metered memory search task is perform-
ed in conjunction with the shadowing task do the conditions differ; 
that is, the Ti+ S. conditions are different for all three groups. J . 
fo:r example, the means for the T0 condition are .• 47, .47 and .46 for 
the visual, acoustic and name groups respectively as would be expected 
since all three groups are per:l;orming identical tasks in the metered 
memory search alone. The differences between shadowing groups is not 
significant for all conditions except the one-unit concurrent condition 
where both the visual group and the acoustic group differ from the name 
group at the .01 significance level according to the Newman-Keuls pro-
cedure. Size of transformation was significant at the .01 level for 
all three groups. The alone vs concurrent factor was significant at 
TABLE III 
TIME (SECS) PER TRANSFORMATION DESCRIPTIVE STATISTICS AS A 
FUNCTION OF TRANSFOIWATION SIZE AND SHADOWING TASK 
Shadowing Transformation Condition 
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Group TO T0 + sj Tl T1 + Sj 
Visual 
Mean a • 47 .63 ,58 , 84 
s. E. M. .06 .11 .06 .19 
Median .47 .60 .56 .82 
Acoustic 
Mean .47 .58 .61 ',83 
s. E. M. .05 .13 .11 .24 
Median .50 .56 .64 .82 
Name 
Mean • 46 .49 .54 .60 
s. E. M. .06 .09 ,06 .09 
Median • 47 .50 .56 .64 
~eans determined by averaging over number of ~s (N = 8 for each 
group) and number of trials (30). 
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the .01 level for the visual and acoustic groups but for the name group 
the factor was significant at .05 for the one-unit transformations and 
was not significant for the zero-unit transformation. 
Figures 3 - 5 indicate that size of transformation, and alone vs 
concurrent factors proved to be significant variables. Practice ef-
fects are clearly evident in Figures 3 - 5 due to the overall reduction 
in time per transformation across blocks for all conditions. All eight 
subjects in each group showed improvement whe.n the mean of the first 
ten trials was compared with the mean of the last ten trials for the 
more complex transformation task (T 1 and T1 + Sj). For the simple re-
productive task however, practice effects were not so regular. Six of 
the name group showed improvement in the T0 condition and seven in the 
T0 + Tn condition. Only 3 in the acoustic group showed improvement in 
the T0 condition and seven in the r0 + Sa condition. In the visual 
group all eight subjects showed improvement in all conditions. Notice 
also from the figures that the conditions improved at different rates 
with the T1 + s. condition showing the greatest amount of improvement. J 
Significance tests for the means of Table III were performed. An 
analysis of variance (Table IV) was performed with each subject's mean 
time per transformation at each condition as the cell entries. The 
main effects of shadowing group, size of transformation and alone vs 
concurrent factors were significant (p ..( .05). With reduced degrees of 
freedom appropriate to the conservative test ot the repeated measures 
design, the significance levels remained the same. 
It is also noted from the Figures 3 - 5 that the differences be-
tween conditions remain even after considerable trials, as Table Vin-
dicates. Table Vis an analysis of variance on the last ten trials for 
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TABLE IV 
ANALYSIS-OF-VARIANCE FOR lA~LE III MEANS 
Source of Variation d. f. SS MS F 
Between Subjects 23 • 97 
A Oi!ame; Acous; Vh) 2 • 27 .135 4,09(p < ; 05) 
S's within GR 21 • 70 .033 
Within Subjects 72 1.96 
B (Size of T) 1 .63 .63 63.00(p < • 005) 
AB 2 .06 .03 3.00(p < .10) 
B x s in GR 21 .22 .010 
c (Alone vs. Cone) 1 .59 .59 59.0 (p <. .005) 
AC 2 .is .075 7.5 (p < .005) 
c x s in GR 21 .23 .010 
BC 1 .os .OS 52.63(p < • 005) 
ABC 2 .01 .005 5.26(p <. • 025) 
BC x S in GR 21 .02 .00095 
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TABLE V 
ANALYSIS~OF-VARI.ANCE FOR BLOC~S 21 ~ 30 
Source of Variatiqn q.f. SS MS F 
Between Subjects 23 .85 
A (N,;1me; Acous; Vis) 2 .20 .10 3.33(p <. • ~O) 
S's within GR 21 .65 .03 
Within Subje<;:ts 72 1.48 
B (Size of T) 1 .44 .44 44.00(p <, . 005) 
AB 2 .04 .02 2.00(p > .10) 
B x S fo GR 21 .24 .01 
c (Alone vs. Cone) 1 .40 .40 44.44(p ~ .005) 
AC 2 • 09 • 045 5.00(p <:_ • 025) 
c x s in GR 21 .19 .009 
BC 1 .04 .04 44.44(p < • 005) 
ABC 2 .02 .01 11.ll(p < .005) 
BC x S in GR. 21 .02 .0009 
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each subject for each condition. Size of transformation and alone vs 
concurrent factors are still significant (p-(' .005), while the differ-
ences among shadowing tasks are no longer significant (p<'. .lQ). 
Shadowing 
In the shadowing ijnalysis the dependent variable is the subject's 
reaction time (RT) from the onset of the stimulus letter until the sub-
ject's verbal response. The RTs are presented in Table Vl. :tiotice 
that here too the RT increases for each group when the transformation 
task is changed from a simple reproductive task to the more complex 
transformation task, The Newrnan-Keuls Procedure indicated that the 
name group differed significantly from both the visual and acoustic 
groups for all three conditions at the .01 level of significance. Also 
the acoustic and visual groups were significantly different (.05) for 
the shadowing alone condition. This difference was not found in Exper-
iment I. The alone vs. concurrent conditions were significant (.01) 
for all three groups. The size of transformation was only significant 
(.05) for the acoustic group. 
An analysis of variance (Table VII) was performed on the mean RTs 
for each subject at each condition. The main effects o{ shadowing 
groups and alone vs concurrent condition were significant (p <'. .005). 
Size of transformation was not significant (p ,( ,10). With reduced de-
grees of freedom appropriate to the conservative test of the repeated 
'measures design, the significance levels remained the same. 
Figl!res 6-8 indicate that shad.owing group and alone vs concurrent 
factors proved to be important variables. Practice effects are evident 
with an overall reduction in RT across blocks for all conditions. When 
TABLE VI 
RT <SECS) DESCRIP'l'IVE _STATI~TICS AS A FVNCTION 
OF T~SFORMATION SIZE AND SHADOWING TASK 
Shadowing Group Shadowing Task 
s. 'l'o + sj J 
Visual 
Mean a • 730 .836 
s. E. M. .11 .Q8 
Median • 725 .875 
Acoustic 
Mean .63Q .820 
S. E. M. .06 .OS 
Median .625 .825 
Name 
Mean .373 .440 
s. E. M. .10 .14 
Median .375 .40 
T1 + Sj 
.864 
.09 
.90 
.869 
.05 
.90 
.455 
.15 
.425 
~eans determined by averaging over number of ~s (N = 8 for each 
group) and number of trials (30). 
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TABLE VII 
ANALYSIS-OF~VARlANCE FOR TABLE VI MEANS 
Source of Variation d.f. SS MS 
Between Subject;s 23 2,76 
A (Nam~; Ac.ous; Vis) 2 2.19 1.095 
S's within GR 21 • 5 7 .027 
Within Subjects 48 .42 
Treatments 2 .30 .15 
Alone vs. Conc;urrent 1 • 296 .29 
Size of T (0 or 1) 1 .012 .01 
Resid1,1al 46 .12 ,0026 
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F 
40. 56(p<. 005) 
57.69(p(,005) 
111. 53 (p<. 005) 
3. 85(p<.10) 
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the mean of the first ten trials was compared with the mean of the last 
ten trials, seven of the eight subjects in the name group showed im-
provement in all three conditions. lh the acoustic group seven subjeets 
showed improvement in the Sa and T0 + Sa conditions but only six sub-
jects showed improvement in the Ti+ Sa conoition. In the visual group 
five subjects showed improvement in the S condition, four in the 
v 
T0 + Sv condition and seven in the T1 + Sa condition. Notice that here 
too the conditions improved at different rates as in the ~S data. 
The differen~es in conditions remain even after considerable 
trials as Table VIII indicates, with the effects still being signifi-
cant at the same level. 
A reliability measure was performed on the shadowing RTs to insure 
that the RT measurements were reasonably accurate. The reliability was 
determineq by measuring the RTs a second time using the tape recordings 
and the oscilloscope. The RTs for 24 randomly selected trials for each 
of the 9 conditions were chosen and remeasured by means of the oscillo-
scope, The o+iginal RTs were then correlated with the second RTs from 
the scope. All of the differences were within +.05 seconds, The fol-
.,... 
lowing product~moment coefficients were obtained: 
group, r = .99 for both the Sv and the Sa groups. 
able to assume that the RTs are reliable, 
Simultaneous Processing 
I 
r = .98 for the S 
n 
Thus, it is reason-
To determine whether or not simultaneous processing occurred, 
means for the dif~erent conqitions were compared for each subject ac-
cording to the following inequality: (N() refers to the number of 
transformations while t( ) referl:l to time per transformation). 
TABLE VIlI 
ANALYSIS-OF-VARIANCE FOR BLOCKS 21 - 30 
Source of Va1;iation d.f, SS MS 
Between Subjects 23 2,79 
A (Name; Acous; Vis) 2 2.01 1.005 
S's w:i,thin GR 21 .78 ,037 
Within Subjects 48 .so 
Treatments 2 .33 .165 
Alone vs Concu1;rent 1 .32 .32 
Size of T ( 0 or 1) 1 ,01 .01 
Residual 46 .17 ,0037 
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F· 
27 .16(p.:(. 005) 
44. 59(p <. 005) 
88.49(p< .005) 
2. 70(p> .10) 
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N(T .) :::;: 9-4t(S.) < N(T. + S .) • 
1 1 J 
t(T .) 
1 
Simultaneous processing occurred if the inequality held. N(T.) is the 
1 
maximum number of transformations that can occur, assuming that it is 
not possible to do both MMS and Shadowing at the same time. For ex-
ample, comparisons were obtained by detei;-mining how many transformations 
could have been made at the maximum rate of ~Salone (assuming that 
maximum rate is MMS alope), during tpe concurrent conditions when the 
subject was not actually shadowing. That is, his mean shadowing time 
multiplied by four (since he sh~dowed four items) was subtracted from 
the total nine second interval to obtain the time he was not shadowing 
in the concurrent condition. The time remaining divided by the time 
per transformation for MMS alone gave the number of transformations 
possible at ma~imum rate. The resµltant number of transformations was 
then compared to the actual n\lmber of transformations the subject per-
formed: if the subject made more transtormati9ns than would have been 
possible between the shadowing items, he must have done some of them 
while shadowing, and thus he would have engaged in at least partial 
simultaneous processing. 
The results are presented in Tabie IX. Spe~ifically, Tabie IX 
indicates that S\,lbject 1 in the Visual group performed 5.21 more trans-
formations than would have been possible for strictly serial processing 
in MMS and conc\lrrent shadowing. All positive values indicate a sav-
ings or simultaneous processing while negative n\lmbers indicate not 
only no savings but interference as well, i.e., a loss of over-all ef-
ficiency from doing the two tasks at once as compared to doing them 
separate!y. 
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TABLE IX 
CONCURRENT PROCESSING ANALYSIS 
Shadowing Trans~ormation Condition 
Group T Tl 0 
Visual 
Subject 1 5.21 3.25 
2 
-
.76 
-
.70 
3 3.73 1.69 
4 2.30 1. 65 
5 3.69 2.23 
6 4.04 1.21 
7 .84. 
-
.15 
8 -1.53 - .65 
Mean 2.19 1.07 
Acoustic 
Subject 1 4.03 2.30 
2 5.13 3 .48 
3 4.40 1. 65 
4 3.07 .54 
5 2.24 1.17 
6 .24 .04 
7 3.53 2.58 
8 5.18 2.62 
Mean 3. 48 1.80 
Name 
Subject 1 .02 - .59 
2 3.97 2.96 
3 3.37 1.88 
4 2.13 1.27 
5 3.71 1.40 
6 .38 1.06 
7 4.03 3 .19 
8 2.60 2.43 
Mean 2,53 1.70 
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Notice that in each group there is less simultaneous processing in 
the one~unit condition when compared with the zero-unit condition. That 
is, compare column 1 by column 2 subject by subject. 
Since the results in Table IX indicated $imultaneous processing for 
most subjects, the same comparison was made for each block of the thirty 
trials for each subject to determine whether or not simultaneous pro-
cessing increased with practice. lhe results are presented in Table X 
using the following inequal.ity= 
N(T.) = 9-t(~ S.k) 
1 k=l J 
t(Ti) 
< N(T. + S .) • 1 J 
Note that here the four shadowing times (k) for each trial were summed 
rather than a mean for the shadowing time multiplied by four to obtain 
more accurate data. 
Notice first of all that there was again mo11e simultaneous pro-
cessing in the T0 condition when compared with the T1 condition as seen 
by comparing the totals for each subject. For example, subject 1 iJ'\ 
the visual group showed 29 cases of simultaneous processing in the T0 
condition but only 27 in the T1 condition. These totals can be broken 
down day by day in blocks of 10 trials each. For example, subject 1 in 
the visual group showed 9, 10 and 10 car;;es of simultaneous prqcessing 
for the fir$t, second and third days respectively for the T0 condition. 
The practice effect of simultaneous processing can be seen most 
readily by comparing the figures in the last column which represents 
totals over all eight subjects. For example, in the visual group the 
T0 condition increased from 53 to 67 for day 1 as compared with day 2. 
Finally, the data can be interpreted as supporting the hypothesis 
of simultaneous processing. 
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'l'ABLe X 
FREQUENCY OF SI~LTANEOUS PROCESSING OVER SUBJECTS AND TRIALS 
Shadowing Subject 
Group 1 2 3 4· 5 6 7 8 '.l'otal 
Visual 
Blocks 1-10 TO 9 1 10 6 10 10 7 0 53 
Tl 9 2 9 6 10 4 5 0 45 
Blocks 11-20 TO 10 7 10 10 10 10 9 1 67 
Tl 9 3 10 10 10 9 7 4 62 
Blocks 21-30 TO 10 4 10 H> 10 10 6 7 67 
Tl 9 5 9 9 10 10 4 5 62 
Totc;ils To 29 12 30 26 30 30 22 8 187 
Tl 27 10 28 26 30 23 16 9 169 
Acoustic 
Blocks 1-10 To 9 10 10 9. 7 4 9 10 68 
Tl 8 9 5 6 8 4 8 10 58 
Blocks 11-20 TO 9 10 10 10 9 8 10 10 76 
Tl 9 10 10 8 8 7 10 8 70 
Blocks 21-30 TO 10 10 10 9 10 6 9 10 74 
Tl 10 10 9 6 7 6 10 7 65 
Totals TO 28 30 30 28 26 18 28 30 218 
Tl 27 29 24 20 23 17 28 25 193 
Name 
Blocks 1-10 To 7 10 10 10 10 7 10 10 74 
Tl 3 10 9 9 9 8 10 10 68 
Blocks 11-20 T 0 5 10 10 10 10 7 10 10 72 
Tl 3 10 10 7 6 8 10 10 64 
Blocks 21-30 To 6 10 10 9 10 4 10 10 69 
Tl 4 10 10 8 7 8 9 10 66 
Totals To 18 30 30 29 30 18 30 30 215 
T-1 10 30 29 24 22 24 29 30 198 
CHAPTER IV 
DISCUSSION AND CONCLUSION 
What conclusions can be made concerning the eight hypotheses pos-
tulated in Chapter!? 
1. The first hypothesis stated that the s;faidowing reactiop times would 
vary, with the shadowing for visual properties qf letters being 
longest, s;hadowing for acoustic properties of letters next longest, 
and shadowing for letter names shortest. The analysis of variance 
for the shadowing reaction times showed that the differences in the 
shadowing grou~s was significant with a£ value Less than .005 for 
all thirty trials. This difference held after considerable prac-
tice as seen by the£.( .005 fqr the last ten trials only. The 
differences between results obtained in Experiments I and II are 
probably due to design variables; that is, in Experiment I the 
shadowing conditions were within subjects while in Experiment II 
the shadowing task was a between subjects variable. 
can again be explained in te;rms of task difficulty. 
The differences 
The S group 
n 
is a simple reproductive task requiring little processing of infor-
matton other than identification. The shadowing for letter proper-
ties groups, however, required a transformation of the stimulus 
letter to a "yes" or "no" ve.rbal response ~epending on the par~icu-
lar rule employed. In the S group the subject simply responds to 
a 
an acoustic property of an acousticaUy presented stimulus letter; 
48 
49 
actual identification of the letter is not actually necessary for 
the application of the rule. In the Sv group not only must the 
stimulus letter be identified but the letter must then be visuali-
zed in order to determine the physical property before the rule can 
be applied. Since more processing mechanisms are needed, the times 
are longest for this group. 
Of course, it is possible that subjects simply learned arbitrary 
responses ("yes" or "no") in conjunction with particular letters, 
without any mediating images. After the subje~ts ha¢ completed all 
thirty tri~ls, the experimenter asked if the $Ubject had indeed 
visualized the letters. All subjects reported that they had visu-
alized the letters before responding "yes" or "no". 
The chance sequential dependencies interpretation although predict-
ing the obtaip.ed results ;is inappropriate because of the two second 
delay between letters. 
2. The second hypothesis postulated an effect due to transformation 
size with a one-unit tra~sforI!lation requiring more time than a 
zero-unit tra~sformation. Since the significan~e level for this 
factor is less than .005, we conclude that size of transformation 
is indeed a significant variable. This dif£eren~e can be explained 
in terms of increasing task difficulty as outlined by Peterson 
(1969). The zero-unit transformation requires only a simple re-
production of the stimulus item while the one-unit transformation 
requires t~at the stimulus item be transformed to the next item in 
the circular sequence. 
3. The third hypothesis assumed that concurrent activities would sig-
nificantly increase times for both the metered memory search and 
50 
shadowing. The metered memory search concurrent vs alone factor 
was significant at .005 level when all trials were considered; and 
even when only the last ten trials were considered the significance 
level remained the same. The shadowing data revealed identical 
significance levels for both the thirty trials and the well-
practiced subjects inclvding only the hst ten trials. Since both. 
times increased, the concurrent performance resulted in loss of ef-
ficiency on both tasks significantly. This is not surprising in 
terms of cognitive load; with the additional activity there is less 
conceptual space available for processing of the first activity. 
4. The fourth hypothesis predicted an interaction between the three 
shadowing tasks and size of transformation of metered memory search. 
If the metered memory search task had a visual or acoustic com-
ponent, then we would expect more interference as we move from a 
reproductive task in MMS to a transformatipn task involving memory 
during the concurrent conditions. However, the AB interaction was 
not significant (p < .10). 
5. The fifth hypothesis proposed an interaction between concurrent vs 
alone factor and size of transformation in metered memory search. 
The resultant analysis produced a significance level of .005 for 
the BC effect for all thirty trials and also for the last ten 
trials. This effect is explained in terms of cognitive load: since 
the transformation tasks of metered memory search involve both re-
production (T0 ) and transformation (T 1), there was more over-
loading and thus longer ti~es durin& the concurrent activities with 
the one-unit transformation task than with the zero-unit reproduc-
tive task. This effect was long lasting as seen in the .005 level 
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for the last ten trials after the subject was well-practiced. 
6. The si~th hypothesis assumed an interaction between shad©wing 
groups and the concurrent vs alone factor. The analysis of vari-
ance resulted in a significant level of .005 for all thirty trials 
and .025 for the last ten trials alone for the AC interaction. Al~ 
though the alpha level increased when viewing only the last ten 
trials, the level is still within the level of significance de-
sired, rhis effect is again explained in terms of cognitive load: 
since the shadowing tasks involve different levels of attention, 
there were different over-loadings of processing functions during 
the concurrent activities. 
7. The seventh hypothesis stated that some stmultaneous processing 
would occur. As seen from the analysis of simultaneous processing, 
simultaneous processing probably did occur. The frequency of the 
simultaneous processing varied according to size of transformation 
and shadowing task difficulty, which was consistent with the cogni-
tive load notion of the flexibLe function mopel of information 
processing, 
8. The eighth hypothesis predicted an improvement in concurrent pro-
cessing due to practice. Reference to the figures indicates a gen-
eral improvement over days with the last trial requiring less time 
than the first trial for all conditions, 
In Sternberg's (1969a, 1969b) recent work with the additive-factor 
method of processing stages he concluded that the possibility of get-
ting temporal estimates of RT for separate stages of information pro-
cessing by using subtractive procedures should be rejected, However, 
separate processes which operate additively can be studied by trying to 
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find factors that will show various types of interaction with some hy-
pothesized processing stages and not with others. For example, con-
sider the concurrent processing models presented in Table XI. Here the 
time required for the processing of two tasks is considered. If one is 
receiving two kinds of information concurrently and if this information 
must be processed in a serial fashion, reference to the top half of the 
table is appropriate, the particular scheme depending on whether or not 
time is required to switch from task "A" to task "B" and vice versao 
With the serial model the concurrent time would be equal to or greater 
than the sum of the two tasks when performed alone depending on switch-
ing time. In other words, concurrent processing should be an additive 
function of component times (no switching time) or an additive function 
with an additional constant (switching time). 
If, however, it is possible to process the two tasks simultaneous-
ly, we obtain the schemes shown in the bottom half of the table with 
total overlapping or only partial overlapping of processing time. In 
these models the concurrent time would be less than the sum of the two 
tasks when performed alone because the processing occurred simultane-
ously. One exception to this would be if doing the two tasks concur-
rently increased the "dead time" between su,ccessive responses. 
The serial models both seem to be inappropriate at the overt level 
because of savings scores and the fact that the subjects can respond 
with simultaneous written and spoken responses at the overt level (King 
and Weber, 1970). Thus at the overt level the strictly simultaneous 
model is appropriate. However, this model would not hold for informa-
tion processing at a more cent~al level unless the rate of doing two 
yoked tasks would be as rapid as the slower of the two tasks when done 
TABI,,E XI 
CONCURRENT PROCESSING MODELS 
Serial (no switching time) 
Task 
A 
B 
Strictly Simultaneous (Parallel) 
Task 
A 
B 
--.-~-~ -- -. --
Serial (Switching time) 
1'ask 
A 
B 
Partially Simultaneous 
Task 
A 
B 
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Processing time----------------------------~ 
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alone. This did not occur. The alone vs concurrent factor proved to 
be highly significant with concurrent processing taking longer than the 
slowest component alone. So what we must have at a more central level 
is, on first examination, partial simultaneous processing. However, 
with rapid enough scanning time either of the s~rial models might be 
appropriate (Sternberg, l 96q). But the serial rates required would be 
far in excess of implicit or explicit speech rates (Weber and Bach, 
1968) .. 
In effect we cannot reject unequivocally any of the models at the 
central level. However, if either of the serial models holds, we are 
talking about a verbal tra.ce system of an abstract form that is very 
different in rate of operation from implicit or e:xpUcit speech. Again 
if we consider either of the parallel models, we must be dealing with 
some ki.nd of abstract trace syl:!te~ because we cannot "say" two things 
at the same time--there is a kinesthetic limitation, and secondly we 
cannot "hear" effectively t;wo things at the same time, as shown by the 
shadowing literature. That is to say, the trace system cannot be in 
the form of acoustic images if they follow at all the same sorts of re-
lations observed for dichotically presented acoustic stimuli. 
In brief, all models lead eventually to an abstract trace S)'.'stem 
that is neither kinesthetic nor acoustic in nature. What then are the 
properties of the abstract trace? 
1. From it characters can be "printed out" in written form or spoken 
form. 
2. The written form is considerably slower than the verbal form. 
3. Print out into verbal form occurs at about the same rate for im-
plicit and explicit speech (Weber and Bach, 1968). 
4. The print-outs to writings and speech are only partially indepen-
dent as shown by the fact that a chant that is incompatible with 
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the circular sequence slows processing down more than does a neutral 
compatible chant (Weber and Blagowsky, 1970). 
5. ~ore directly, any kind qf chant slows down print-out as compared 
to no chant conditions as seen by the alone vs concurrent factor ir\ 
the current experiment. 
For the present study the abstract trace system seems to conform 
quite nicely to the results of the additivity analysis and is therefore 
given further sµpport. Of greater signific~nce however, is the fact 
that the visual and acoustic components of a verbal trace system were 
not supported as noted by the fifth hypothesis which postulated an AB 
interaction. If this interaction had been significant then the visual 
or acoustic trace system would have been supported rather than the cQr-
rent abstract trace system depending on whether the visual group or the 
acoustic group created the significant interference. The only way to 
obtain this particular finding would be to engage visual and acoustic 
components in conjunction with a memory task similar to the one in the 
present study. 
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APPE;NDIX 
INSTRUCTIONS 
Numerical Sequences: The object of this experiment is to see how 
quickly you can process certain kinds of information. 
TRANSFORMATIONS 
Look at the sequence of numbers on this card. (Show) Please no~e that 
it is a circular sequen~e. This means that for any number 11 411 through 
11811 , it should be possible for you to provide without hesitation the 
next number in the sequence. For example, if the number "6" is pre-
sented to you, then you should be able to write the number "7" because 
it is the number next to 11 611 in the sequence. If ''8'' is presented, 
write 11 411 ; if 11 411 write "511 ; if "5" write ''6"; if 11 711 write 11811 • 
ONE-UNIT TRANSFORMAtIONS 
Now here is a card explaining what you are to do. (Show) The 11 111 im-
plies that you are to fill-in the blank beside each stimulus number with 
the number one step away in the sequence. For example, if the number 
11
'411 is given, then write 11 5''; if 11 511 write 11 611 ; if 11 611 write "7"; if 
11 711 write 118"; if 11811 write 11 411 • I Wqnt you to go as fast as you can 
and you should not make more than 2 or 3 errors. Please write the num-
bers in your normal handwriting and stop immediately when you hear the 
buzzer. Ready? Start ••• Please turn the page. 
ZERO TRANSFORMATIONS 
The meaning of this card is a zero shift. For example, if the number 
11 411 is given, then write 11 411 ; if 11 511 write 11 511 ; if 11 611 write 11 611 ; if 
11 711 write 11 711 ; if "8 11 write 11 811 • I want you to go as fast as you can 
and you should not make more than 2 or 3 errors. Please write the num-
bers in your normal handwriting and stop immediately when you hear the 
buzzer. Ready? Start •• 0Please turn the page. 
SHADOW 
This card represents a shadowing task; that is, we want you to respond 
as rapidly and as accurately as possible to the letters on the tape re-
corder. 
NAME (ONLY) 
The letters shown on this card will be randomly presented on the tape 
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recorder. We want you to repeat said letter as rapidly and as accur-
ately as possible. For example: (Turn on recorder and shadow 4 items 
then let subject shadow 4 items.) 
VlSUAL PROPERTY (ONLY) 
Notice that some of the letters on this card extend below the line in 
lower case typed print (g p q y) while some of the letters do not extend 
below the line in lower case typed print (z v om). (Show) These letters 
will oe randomly presented on the tape recorder. We want you to say 
"yes'' if the letter extends below the line and "no" if it does not e;,c-
tend below the line. Do this ai;i rapidly and as accurately as possible. 
For example: (Turn on recorder and shadow 4 items then let subject 
shadow 4 items). 
ACOUSTIC PaOPERTY (ONLY) 
Notice that some of the letters on this card have a long "e" sound 
(g p v z) and some of the letters do not have a long "e" sound (y q o m). 
(Show) These letters will be randomly presented on the tape recorder. 
We want you to say "yes" if the letter has a long "e" sound and "no" if 
it does not have a long "e" sound. Do this as rapidly and as accurate-
ly as possible. For example: (Turn on recorder and shadow 4 items then 
let subject shadow 4 items.) 
CONCURRENT CONDITIONS 
There will also oe some combinations of the shifts and the shadowing 
task. When this is the case, pay particular attention to the shadowing 
task and do it as rapidly and as accurately as possible; also do the 
shifts at the same time, but place primary emphasis on the shadowing. 
This card represents the shadowing with the zero shift. (Demonstrate) 
If the buzzer sounds before you have shadowed the last letter, go ahead 
and shadow the last letter after the buzzer has sounded but stop writ-
ing when the buzzer sounds. (Let S run 1 trial) 
This card represents the shadowing with the one-unit shift. (Demon-
strate and let S run 1 trial.) 
REAL TRIAL 
Now I am going to show you a card with one of the conditions we've 
talked about; begin making the required shifts or shadowing tasks as 
rapidly as you can without making more than 2 or 3 errors. Any ques-
tions? 
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